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Description 

Technical Field 

The present invention relates to electrophoretic dis- 
play apparatus in general and more particularly to meth- 
ods for fabricating such displays having a dual anode 
structure. 

Background Art 

A dual anode, fiat panel, electrophoretic display ap- 
paratus has been described in copending application 
Serial No. 345,825 filed May 1, 1989 entitled Dual An- 
ode Flat Panel Electrophoretic Display Apparatus for 
Frank J. DiSanto and Denis A. Krusos, the inventors 
herein and assigned to Copytele Inc., the assignee 
herein. That application describes an electrophoretic 
display which has a grid cathode matrix arrangement 
consisting of a first plurality of conductive lines which 
are transverse to said first plurality. Located with respect 
to the grid and cathode are first and second anode struc- 
tures. The first anode is removed from the second with 
the second anode overlying the grid lines of the display 
and insulated therefrom. The second anode is biased to 
implement typical hold and erase modes independent 
of the first anode and the display structure as indicated 
in the application exhibits many advantages when com- 
pared with prior art displays. 

The electrophoretic display (EPID) is well known 
and there exist many patents and articles in the prior art 
which describe operation and characteristics as well as 
describing methods of fabricating such displays. The fol- 
lowing patents are illustrative of prior art devices and 
approaches. These patents issued in the name of Frank 
J. DiSanto and Denis A. Krusos, the inventors herein. 
Apart from the patents to be described below, there are 
of course many references which were cited in the pros- 
ecution of these patents as well as additional references 
which were cited in the background of these patents. 
Many of the techniques and methods of fabricating such 
displays are disclosed in the patents that follow, as well 
as in the additional references as indicated. 

U.S. Patent 4,655,897 issued on April 7, 1987 enti- 
tled Electrophoretic Display Panels and Associated 
Methods describes a typical electrophoretic display ap- 
paratus utilizing an X-Y matrix consisting of grid and 
cathode lines which are insulated one from the other and 
which are associated with an anode electrode. The 
space between the grid and cathode lines and the anode 
electrode is filled with an electrophoretic dispersion. The 
patent describes techniques for making such displays 
as well as suitable dispersions and materials for use with 
such displays. 

U.S. Patent No. 4,732,830 issued on March 22. 
1988 entitled Electrophoretic Display Panels and Asso- 
ciated Methods describes methods for making electro- 
phoretic displays as well as describing display construc- 



tion and operation. 

U.S. Patent No. 4,742,345 issued on May 3, 1988 
entitled Electrophoretic Display Panel Apparatus and 
Methods Therefore describes improved electrophoretic 
5 display panels exhibiting improved alignment and con- 
trast as well as describing circuitry for use with such a 
display and methods for fabricating such a display. 

U.S. Patent No. 4,746,917 issued on May 24, 1988 
entitled Method and Apparatus for Operating Electro- 

io phoretic Displays Between a Display and a Non-Display 
Mode describes various biasing techniques for operat- 
ing electrophoretic displays to provide writing, erasing 
as well as operating the display during a display and 
non-display mode. 

'5 U.S. Patent No. 4,722,820 issued on September 
20, 1 988 entitled Monolithic Flat Panel Display Appara- 
tus describes methods and apparatus for fabricating flat 
panel displays employing electrophoretic principles as 
well structures to enable such displays to be biased and 

20 driven by additional circuitry. 

Thus, as one can see, an important consideration 
of the prior art is to provide an improved display with 
increased contrast, faster operating time, and more re- 
liable performance. As indicated in the above-noted co- 

25 pending application, a particularly disturbing problem 
which occurs in electrophoretic displays results in the 
appearance of a bright flash' emanating from the dis- 
play during the ERASE mode. This "flash" while occur- 
ring over a relatively short period is perfectly visible. The 

30 "flash" appears disturbing to many individuals who view 
- the display and is caused by the following phenomenon. 
For proper operation of the electrophoretic display, the 
amount of pigment in the suspension is considerably 
greater than the pigment required to give a suitable 

35 background when the panel is in a HOLD condition. The 
term HOLD is well known in the art, and the electro- 
phoretic panel is placed in a HOLD condition prior to 
writing the display. In this manner the HOLD condition 
is achieved when the anode is at a high positive voltage, 

^0 the grid is at a low voltage, and the cathode is at a high 
voltage. 

Typically, the anode would be at a vottage for ex- 
ample of 200 volts with the grid at a lower voltage as for 
example -12 volts with the cathode at a high voltage 

•*$ which would be +15 volts. With these voltages on the 
typical prior art electrophoretic display, the display is in 
the so-called HOLD condition. This HOLD condition is 
implemented prior to the WRITE mode during which 
mode new information is written into the display. The ex- 

so cess pigment during the HOLD condition is at the sur- 
face of the anode which is at the highest potential with 
respect to any other of the electrodes. To ERASE the 
display, the anode is made negative and all the pigment 
leaves the anode and is at the surface of the grid and 

55 cathode. During ERASE, the anode, for example, would 
b placed at -200 volts. Hence, during the ERASE 
mode, all the pigment leaves the anode and is now at 
the surface of the grid and cathode accordingly. Th 
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cathode side of the flat display during the ERASE mode 
is considerably brighter than it is during the HOLD caus- 
ing a bright "flash" to appear on the display even when 
the ERASE time is extremely short. 

The "flash" occurs between frames and may exist 
every 20 to 30 milliseconds caused by the change in 
brightness between the HOLD and the ERASE mode. It 
is. of course, desirable to eliminate this bright "flash" so 
that the display appears more uniform and stable. 

Hence, the above-noted copending application de- 
scribes the addition of a second anode which is inter- 
posed between the original anode of the electrophoretic 
display and the cathode-to-grid matrix. The second an- 
ode aides in preventing this flash by allowing the pig- 
ment to be selectively controlled. 

This present application describes methods for fab- 
-rieating^-duai"anode^ciTsplayrThe methods to be de- 
scribed shows a second anode or an additional anode 
which in one embodiment is designed to be parallel with 
the grid structure and in another embodiment is trans- 
verse or perpendicular to the grid structure. These meth- 
ods include the selective deposition of different materi- 
als such as metals and insulators together with the use 
of selective etches in order to achieve the desired re- 
sults. 

Disclosure of the Invention 

A method of completing fabrication of an electro- 
phoretic display after a plurality of cathode conductor 
lines indicative of an X matrix have been formed on a 
planar glass sheet, comprising the steps of coating the 
cathode conductor lines with a first insulating layer of 
photoresist, coating the first insulating layer with a first 
layer of silicon dioxide, coating a first layer of metal on 
said layer of silicon dioxide, coating said first layer of 
metal with a second layer of photoresist, coating said 
second layer of photoresist with a second layer of silicon 
dioxide, coating said second layer of silicon dioxide with 
a second layer of metal capable of being etched by a 
different etchant than said first, coating said second lay- 
er of metal with a third layer of metal capable of being 
etched by a different etchant from said first and second 
layer of metal, coating said third layer of metal with a 
fourth layer of metal capable of being etched by a dif- 
ferent etchant than said first, second and third layers of 
metal, coating said fourth layer of metal with a third layer 
of photoresist, treating said third layer of photoresist to 
photolithographically form a matrix of lines transverse 
to said cathode conductor lines and thereafter selective- 
ly etching each layer of material until channels separate 
each of the lines of said matrix wherein there are first 
and second metal structures insulated from each other 
and from the cathod structure, coating th tr ated 
structure with a layer of silicon dioxide, removing both 
said layer of silicon dioxide and said fourth metal lay r. 

The present invention further includes a method for 
fabricating an electrophoretic display of the type having 



an X-Y matrix for grid and cathode operation, compris- 
ing the steps of depositing a first thin layer of a conduc- 
tive metal on a carrier plate of glass, etching said layer 
to form a line pattern indicative of an X cathode matrix, 
5 depositing a first insulating layer of a photoresist resin 
on said X cathode matrix, depositing a first layer of sili- 
con dioxide on said first layer of photoresist resin, de- 
positing a second layer of a conductive metal on said 
layer of silicon dioxide, depositing a second insulating 
jo layer of a photoresist resin on said second metal layer, 
exposing said second layer of photoresist with a Y grid 
matrix mask, developing said photoresist according to 
said Y grid mask, etching said second layer of said con- 
ductive metal to form said Y grid matrix, removing the 
f5 remainder of said second layer of photoresist, etching 
saidlayer of Micocufcxide-wiLh-ssid^ 
er of conductive metal serving as a mask, depositing a 
third layer of photoresist resin on said etched second 
layer, depositing a second layer of silicon dioxide on said 
third layer of photoresist, depositing a first anode metal 
layer on said layer of silicon dioxide, depositing a sec- 
ond different anode metal layer on said first anode metal 
layer, depositing a fourth layer of a photoresist resin on 
said second different metal layer, treating said fourth 
layer of photoresist to photolithographically form an an- 
ode matrix of lines parallel to said Y grid matrix and per- 
pendicular to said X cathode matrix, etching said first 
and second anode layers and covering said structure 
with a thin layer of silicon dioxide and etching away said 
second layer of anode metal leaving said first anode lay- 
er to provide an additional matrix designated as an an- 
ode matrix for said display. 

Brief Description of the Drawings 

Fig. 1 is a partial cross-sectional view showing an 
electrophoretic display useful in describing certain 
steps in the fabrication of such a display; 
Fig. 2 is a cross-sectional view depicting an addi- 
tional step in the fabrication of such a display; 
Fig. 3 is a top plan view of an electrophoretic display 
fabricated according to a different method accord- 
ing to this invention; and 

Fig. 4 is a cross-sectional view of the display of Fig. 
3 

Best Mode for Carrying out The Invention 

Referring to FIG. 1, there is shown a cross-sectional 
view of an electrophoretic display 10 constructed ac- 
cording to the teachings of this invention. It is immedi- 
ately noted that the cross-sectional view of the display 
of FIG. 1 includes structure resulting from certain of the 
processing steps which are not complete. 

It is believed that the configuration shown in FIG. 1 
is necessary in order to fully understand the invention. 
The unique part of this particular display is the configu- 
ration as well as the method of producing the second or 
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additional anode. The additional anode appears be- 
tween the cathode 12 and the remote anode which is a 
conventional anode designated by reference numeral 
28 in FIG. 2. 

As seen from FIG. 2, the remote anode 28 is depos- s • 
ited upon a layer of glass 29. The remote anode 28 for 
example may be an extremely thin layer of indium-tin- 
oxide (ITO) which is deposited upon the layer of glass 
29. 

As one will further understand, the electrophoretic 
display is described in many of the prior patents as in- 
dicated above, and has a viewing area which includes 
a bottom glass sheet 11. Disposed upon sheet 11 are a 
plurality of cathode lines 12. These cathode lines are 
directed in a horizontal or vertical direction and are par- 
allel to one another to form a matrix or grid of lines. A 
cross matrix, which is perpendicular to the cathode 
lines, consists of a series of parallel metal grid lines 15. 
These metal grid lines exist in prior art electrophoretic 
displays. The grid lines are separated from the cathode 
by means of an insulator material. This may be a dual 
layer of insulator material. A first layer consists of an 
insulator 13 which for example is a photoresist material 
such as FSC-L or FSC-M which essentially are novalac 
resins or phenolic resins. These resins are available as 
photoresist materials from a company called Shipley 
Products. 

As seen in FIG. 1 and as will be further explained, 
the layer of photoresist or insulator 1 3 has deposited on 
the surface thereof a layer of silicon dioxide (Si0 2 ) 14. 
The layer of silicon dioxide is deposited on the layer of 
photoresist and thereafter a layer of metal 1 5 which con- 
stitutes the grid electrode is deposited upon the layer of 
silicon dioxide. In the construction shown in FIG. 1 and 
as will be further explained, deposited on top of the grid 
layer 15 is an additional layer 16 of photoresist which 
has deposited thereon an additional layer 17 of silicon 
dioxide. On top of the layer of silicon dioxide is a first 
layer of metal 1 8, a second layer of metal 1 9 and a third 
layer of metal 20. It is important that metal layers 15, 18, 
1 9 and 20 be fabricated from metal materials which are 
capable of being etched by different selective etchants. 

For example, such metal materials may comprise 
gold, aluminum, titanium-tungsten alloy, zirconium as 
well as chrome. In this particular instance, the grid elec- 
trode layer 15 may be fabricated from chrome while the 
metal layers 18 and 19 may be an alloy of chrome and 
aluminum which will etch for example, by means of a 
different etchant other than the chrome layer. The above 
description indicates the deposition of separate layers 
which is in fact the case. The structure shown in FIG. 1 
results after the steps of selective etching have been 
implemented as will be explained. 

As one will see. the second anode which will include 
metal layers 18 and 19, and the grid structure as 15 are 
perpendicular to the cathode lines 1 2 and essentially the 
grid electrod 1 5 is parallel to and in line with the second 
anode conductor lines. Before describing the exact 



process by which the structure of FIG.1 is fabricated, a 
few comments will be made concerning the operation of 
the same. As one can understand, the grid lines 15 
which are separated from the cathode lines by means 
of the photoresist layer 13, and the layer of silicon diox- 
ide 14 are disposed transverse to the cathode lines 12 
and spatially intersect each cathode line to provide an 
X-Y matrix arrangement whereby a typical pixel area is 
accessed by addressing a grid and cathode line thereby 
providing a desired potential at the intersection between 
the two lines. This potential causes the migration of elec- 
trophoretic particles which are suspended in the elec- 
trophoretic suspension 30 and which particles migrate 
from the grid and cathode structure to the anode 28 
(FIG. 2). The anode 28 is a very thin layer of metal as 
ITO deposited on a planar glass member 29 according 
to prior art teachings. 

Typically, the thickness of the insulated areas as 1 3 
and 16 are approximately 3 microns with the layers of 
silicon dioxide as tor example, layers 14 and 17 being 
about 2000 Angstroms. In the structure shown in FIG.- 
1 the local anode which will be further described is of 
the same configuration as the grid structure. A local an- 
ode metal conductor line which eventually comprises 
metals 18 and 19 for example is separated from the grid 
line 15 by the insulating layer 1 6 and the layer of silicon 
dioxide 1 7. Thus, there are as many anode lines as there 
are grid lines. Each segment of the anode can have the 
same exact configuration as the associated grid seg- 
30 ment. It is understood that the grid line can comprise a 
tine configuration as known in the prior art and such a 
configuration may or may not be used for the local anode 
lines. Hence, the grid format may be two or more tines 
with the anode line being a single line or a duplicate tine 
3S configuration. 

For example, U.S. Patent No. 4,742,345 describes 
a grid structure fabricated with respect to the cathode 
structure in a tine configuration. Thus, one can utilize 
such a configuration to form the grid structure and there- 
to fore the anode structure. The advantages of such ar- 
rangements have been fully described in U.S. Patent 
No. 4,742,345. In this manner, and as explained in the 
above-noted copending application, it is further seen 
that the local anode structure may consist of a plurality 
45 of parallel lines each of which is associated with a grid 
line, and with each of the parallel lines being dimen- 
sioned and congruent with each of the associated grid 
lines as 15. The biasing of the various electrodes as 
shown in FIG. 1 has also been explained in detail in the 
so above-noted copending application. Thus, the biasing 
of each electrode in HOLD, ERASE and WRITE modes 
has been explained as well as the movement of the pig- 
ment and the advantages of the display. 

The methods of fabricating a dual anode display to 
*5 be described herein employ alternate approaches. The 
cross-sectional view depicted in FIG. 1 shows certain 
steps in th fabrication of the display. As indicated, nu- 
meral 11 references a planar glass sheet. The glass 
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sheet or plate 11 acts to provide a port through which a 
viewer of the display may discern image information set 
forth therein. The glass plate 1 1 is preferably coated with 
an extremely thin layer of indium-tin-oxide (ITO) as 
available as described in many of the above-noted pat- 
ents. The layer of ITO 12 is relatively thin approximately 
in the range of 300 Angstroms in thickness so that the 
glass plate 1 1 retains its relative transparent character- 
istics. The cathode lines 1 2 are etched from the ITO lay- 
er which is overcoated on the glass plate 11 . This may 
be achieved as will be readily appreciated by those of 
ordinary skill in the art through conventional photo-etch- 
ing or engraving techniques. Hence, a physical mask 
bearing representations of the cathode conductors as 
well as associated contact pads is employed to form an 
image of the plurality of cathode conductors 12 on the 
alassplate 1 1 ^ndihereafter-pcrtiGns cMhs !TG -coating* 
not corresponding to the image are removed. More par- 
ticularly, the glass plate 11 bearing the ITO layer may 
be initially overcoated with a photoresistive layer of any 
conventional form and thereafter masked having a con- 
ductive pattern associated with the plurality of cathode 
lines 1 2 displaced on the photoresistive layer. The glass 
plate is then exposed to ultraviolet tight through the 
mask and developed. 

The pattern remains and eventually is transformed 
into a plurality of cathode lines. Hence, the cathode is 
conventionally fabricated by means of prior art tech- 
niques leaving the glass layer 11 having on the surface 
thereof a plurality of cathode lines or column lines 12. 
One can gain further information regarding the construc- 
tion utilizing the mask and related procedures by refer- 
ence to US Patent No. 4,742,345. 

After this step, the entire structure is coated with an 
insulating layer of FSC-L or FSC-M. There are photore- 
sist materials as above indicated and are novalac or 
phenolic resins. The insulating layers 13 are spun onto 
the surface of the glass plate having the cathode struc- 
ture 12. Contrary to FIG 1 an entire layer or coating 13 
as shown by the line 1 3 is deposited upon the surface 
of the glass plate 11 having the cathode pattern 12 im- 
pressed thereon. The entire surface is thus covered. 
Next a thin layer of silicon dioxide 14 is placed on the 
entire surface of the tnsulatrve layer 13. Again, this is 
done as a single coat. The layer of silicon dioxide is ex- 
tremely thin and may be, for example, of a magnitude 
of 2000 Angstroms with the layer of photoresist being 
about 3 to 5 microns. After depositing the layer of silicon 
dioxide 1 4, a first layer of metal 1 5 such as aluminum is 
then deposited upon the silicon dioxide layer. The alu- 
minum can be deposited by many well known tech- 
niques such as vapor deposition and so on. After de- 
positing the layer of aluminum, another layer 16 of FSC- 
L or FSC-M is deposited on the aluminum lay r. This 
layer 1 6 then has deposited on the surface another layer 
of silicon dioxide. Then three different metals ar depos- 
ited on the layer of silicon dioxide. There is first depos- 
ited a layer of metal 18 followed by a layer of metal 19, 



followed by a layer of metal 20. Each of these metals 
must not be capable of being etched using the same 
etchant, or capable of being etched by the same etchant 
as used for the metal deposited on the first layer of FSC- 

s L or FSC-M as layer 15 which is the grid layer. In any 
event, selective etchants employed for different metals 
are well known in the art as well as the different metals 
which are capable of being etched by using different 
etches. After the last layer of metal 20 is deposited, a 

io coating of photoresist 31 is then spun onto the upper- 
most layer 20. The photoresist layer 31 is shown as a 
full layer as compared to the column structures depicted 
for the remaining portions of the grid. It is understood 
that the lines which are directed through each of the alu- 

J5 minum layers indicate that total laminate is formed prior 
to the etchant steps. 

~Tne photoresisflayeT 31 is then exposed to a mask 
which is essentially similar in design to the grid mask 
and consists of a plurality of parallel lines and is placed 

20 transverse to the cathode structures. Thus the mask is 
used to expose the top photoresist layer 31 in order to 
eventually provide the column areas as indicated by ref- 
erence numerals 33, 34 and 35. The photoresist layer 
31 is then developed whereby the uppermost layer of 

25 the metal 20 is etched using an appropriate etchant for 
that layer and thus forming a first portion of the channel 
36. The next two layers of metal 18 and 19 are etched 
using appropriate etchants which selectively attack that 
layer thus forming the further channels 37 and 38. The 

30 layer of silicon dioxide 17 is plasma etched using the 
metal layers as 18, 19 and 20 as a mask, thus forming 
the next portion of the channel or depression 39. The 
insulating layer 16 is then plasma etched completely 
down to the first layer of metal 15 thus forming the next 

55 portion of the channel 40. Then the first layer of metal 
15 is then etched using an appropriate etchant for that 
layer forming the next portion of the channel 41 . The 
layer of silicon dioxide between the layer 15 and the in- 
sulating layer 1 3 between the first layer of metal 15 and 
the cathode 1 2 is plasma etched. 

Referring to FIG. 2, after the above noted proce- 
dure, one now has the upstanding vertical columns as 
shown separated by channels. Next the entire structure 
in FIG. 1 coated with a layer of silicon dioxide which layer 

45 is applied to the entire structure. Then using an appro- 
priate etchant, the upper most layer of metal is removed 
thereby removing the silicon dioxide covering the metal 
layer 20 as well the metal layer while leaving the metal 
layer 1 9 exposed. The side surfaces as well as the spac- 

50 jng between the side surfaces are all covered with an 
extremely thin layer of silicon dioxide 40. Then utilizing 
appropriate insulating spacers the anode which in- 
cludes glass plate 29 and the remote anode structure 
28 is attached to the treated structure. At the sam time 

55 leads are made available not only for the second anode 
which consists now of metal layers 18 and 19 but also 
for the original anode is ITO layer 28. Thus as one can 
understand, the cell is now ready for accepting driver 
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chips which are cemented and bonded to the glass plate 
in the usual manner and as tor example described in US 
Patent 4,772,820 as indicated above. 

It has been determined that by providing a layer of 
silicon dioxide on the peripheral walls of each of the ad- 5 
ditional grid and second anode structure, one achieves 
extremely reliable performance in regard to the device. 

Referring to FIG. 3 there is shown a top plan view 
of a partial section of an electrophoretic display made 
according to a second implementation. The top plan to 
view of FIG. 3 shows the structure prior to a final coating 
of silicon dioxide. Essentially, as seen from FIG. 3, the 
cathode lines which are deposited as described above, 
are designated by references numerals 41, 42 and 43. 
Disposed on top of the cathode lines and insulate there- is 
from are separate grid tine structures as 50, 51 and 53. 
The three tine structures 50, 51 and 53 represent for 
example, a single grid line. Aligned parallel with the 
cathodes are the second anode lines designated by ref- 
erence numerals 54 and 55 as associated with the cath- 20 
ode line 44. As will be explained the grid lines as 50, 51 
and 53 are fabricated from a different metal than the sec- 
ond anode lines 54 and 55 constitute two lines for each 
cathode but may be more than two. The grid lines con- 
stitute three lines as 50, 51 and 53. The implementation 2s 
of the display as well as the fabrication of the display 
can be best described by referring both to FIG. 3 and 
FIG. 4. As seen in FIG. 4, the bottom layer 45 which 
consists of glass has deposited thereon the ITO cathode 
layers as 41 , 42. 43 and 44. The cathode matrix is fab- 30 
ricated as described above and is formed from a single 
layer of ITO which covers the entire glass sheet which 
ITO is then suitably etched or engraved to produce in- 
dividual parallel cathode lines as 41 , 42, 43 and 44. Thus 
the construction of the cathode is implemented utilizing 35 
the usual mask and procedures as described above. 
The next thing that occurs is that a complete layer 60 of 
FSC-L or FSC-M is deposited on and coats the entire 
cathode structure. Then a layer of silicon dioxide 61 is 
vapor deposited on or oxidized on the insulating layer *o 
60. The next step in the procedure is to then deposit a 
layer of metal such as chrome which is layer 62 and de- 
posited on the silicon dioxide layer 61 . This layer of met- 
al 62 constitutes the grid structure. A layer of photoresist 
is then spun on the metal layer 62. This layer is not *s 
shown. In any event, the layer of photoresist is then ex- 
posed by the grid mask in the usual manner and hence, 
one produces the grid line pattern as for example, 50, 
51 and 53 on the photoresist layer which is spun on the 
metal layer 62. The grid mask is used to expose the pho- so 
toresist in the usual manner. After developing the pho- 
toresist, the metal is etched using a suitable etchant. As 
indicated, the metal layer 62 is chrome and one would 
then employ a chrome etchant. The photoresist layer is 
now stripped off in an appropriate solvent. The layer of ss 
silicon dioxide 61 is now plasma etched with the etched 
metal 62 serving as a mask. This therefore develops the 
appropriate grid structure. Next an insulating layer of 



FSC-L or FSC-M is deposited on the patterned metal 
layer and designated by referenced numeral 65. The in- 
sulative layer 65 is now coated with a thin layer of silicon 
dioxide 64. Deposited on top of the layer of silicon diox- 
ide 64 is a second metal layer 63 which may be of a 
different material than the first layer This layer 63 con- 
sists of two metal layers with a first layer of metal closest 
to the silicon dioxide layer 64 being the same as the first 
layer of metal 62. Each layer is capable of being etched 
by a different etchant. A layer of photoresist is now spun 
on the uppermost metal layer and completely covers the 
same. 

It is understood that while the layers 63, 64 and 65 
are shown as upstanding columns, it is expressly under- 
stood that these are distinct layers. After a top layer of 
photoresist is spun on the uppermost metal layer, a 
mask including tines similar to but not necessarily the 
same as the grid is placed on a photoresist such that 
the pattern is parallel to the cathode as 41 and 42 and 
perpendicular to the grid as grid line 62. After developing 
the photoresist, both metal layers are etched using ap- • 
propriate etchants. The silicon dioxide layer 64 is plas- 
ma etched using the metal layers as composite layer 63 
as a mask. Both the first and second layers of FSC-L or 
FSC-M are plasma etched down to the cathode as seen 
in the top view. Using an appropriate solvent, any resi- 
due from the plasma etching is removed. Then a coating 
of silicon dioxide is applied to the entire structure. Again, 
using an appropriate etchant, the uppermost layer of 
metal is removed thereby removing the silicon dioxide 
covering the metal and leaving the second layer of metal 
exposed. Using appropriate insulator spacers the re- 
mote anode is attached to the structure making sure that 
a lead is made available for connecting to the anode. 
The second layer may be connected with all leads in 
parallel, with each lead individually driven or with leads 
being driven in groups. The cell is now ready for accept- 
ing driver chips cemented and bonded in the usual man- 
ner. 



Claims 

1. A method of completing fabrication of an electro- 
phoretic display after a plurality of cathode conduc- 
tor lines indicative of an X matrix have been formed 
on a planar glass sheet, comprising the steps of: 

coating the cathode conductor lines with a first 
insulating layer of photoresist, 
coating the first insulating layer with a first layer 
of silicon dioxide, 

coating first layer of metal on said layer of sili- 
con dioxide, 

coating said first layer of metal with a second 
layer of photoresist, 

coating said second layer of photoresist with a 
second layer of silicon dioxide, 
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coating said second layer of silicon dioxide with 
a second layer of metal capable of being etched 
by a different etchant than said first, 
coating said second layer of metal with a third 
layer of metal capable of being etched by a dif- 
ferent etchant from said first and second layer 
of metal, 

coating said third layer of metal with a fourth 
layer of metal capable of being etched by a dif- 
ferent etchant than said first, second and third 
layers of metal, 

coating said fourth layer of metal with a third 
layer of photoresist, 

treating said third layer of photoresist to photo- 
lithograph ically form a matrix of lines trans- 
verse to said cathode conductor lines and 
-thoTeafterseieciiveiy'e^ 
terial until channels separate each of the lines 
of said matrix wherein there are first and sec- 
ond metal structures insulated from each other 
and from the cathode structure, 
coating the treated structure with a layer of sil- 
icon dioxide, 

removing both said layer of silicon dioxide and 
said fourth metal layer. 

2. The method according to Claim 1 further including 
the step of placing an anode plate parallel to said 
anode, cathode and grid matrices. 

3. The method according to Claim 1 , wherein the step 
of coating with an insulating layer of photoresist is 
coating with a phenolic resin. 

4. The method according to Claim 1 , wherein said first 
metal is chrome. 

5. The method according to Claim 1 , wherein said sec- 
ond metal is aluminium. 

6. The method according to Claim 1 , wherein said third 
metal is an aluminium chrome alloy. 

7. The method according to Claim 1, wherein said 
fourth metal is an alloy of titanium and tungsten. 

8. The method according to Claim 1 , wherein said lay- 
ers of silicon dioxide are about 2000 Angstroms 
thick. 

9. The method according to Claim 1 , wherein said lay- 
ers of photoresist are between 3 to 5 microns thick. 

10. The method according to Claim 1, wherein selec- 
tively etching includes etching said layers of silicon 
dioxide and said layers of photoresist by plasma 
etching. 



11. The method according to Claim 1, wherein the steps 
of coating with a photoresist insulating layer in- 
cludes spinning said photoresist on said layer. 

5 1 2. The method according to Claim 1 , wherein the met- 
al electrode structure indicative of the grid matrix 
comprises a plurality of grid lines with each line 
comprising at least two line members. 

to 1 3. The method according to Claim 1 , wherein one met- 
al structure has lines parallel to the cathode lines, 
while the other metal structure has lines transverse 
to the cathode lines. 

is 14. A method for fabricating an electrophoretic display 
of the type having an X-Y_matrixJoi_ccidand-cath- 
ode operation, comprising the steps of: 

depositing a first thin layer of a conductive met- 
20 al on a carrier plate of glass, 

etching said layer to form a fine pattern indica- 
tive of an X cathode matrix, 
depositing a first insulating layer of a photore- 
sist resin on said X cathode matrix, 
25 depositing a first layer of silicon dioxide on said 

first layer of photoresist resin, 
depositing a second layer of a conductive metal 
on said layer of silicon dioxide, 
depositing a second insulating layer of a pho- 
30 toresist resin on said second metal layer, 

exposing said second layer of photoresist with 
a Y grid matrix mask, 

developing said photoresist according to said 
Y grid mask, 

35 etching said second layer of said conductive 

metal to form said Y grid matrix, 
removing the remainder of said second layer of 
photoresist, 

etching said layer of silicon dioxide with said 
40 etched second layer of conductive metal serv- 

ing as a mask, 

depositing a third layer of photoresist resin on 
said etched second layer, 
depositing a second layer of silicon dioxide on 
45 said third layer of photoresist, 

depositing a first anode metal layer on said lay- 
er of silicon dioxide, 

depositing a second different anode metal layer 
on said first anode metal layer, 
50 depositing a fourth layer of a photoresist resin 

on said second different metal layer, 
treating said fourth layer of photoresist to pho- 
to! ithograph ically form an anode matrix of lines 
parallel to said Y grid matrix and perpendicular 
ss to said X cathode matrix, 

etching said first and second anode lay rs. 
covering said structure with a thin layer of sili- 
con dioxide and etching away said second layer 
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of anode metal leaving said first anode layer to 
provide an additional matrix designated as an 
anode matrix for said display. 

15. The method according to Claim 14 further including 
the steps of placing an anode plate parallel to said 
anode, cathode and grid matrices. 

16. The method according to Claim 14, wherein said 
first thin layer of a conductive metal is indium-tin ox- 
ide (ITO). 

17. The method according to Claim 14, wherein said 
second layer of metal is chrome. 

18. The method according to Claim 14, wherein said 
first anode metal layer is aluminum with said second 
anode metal layer being chrome. 

19. The method according to Claim 14, wherein the 
step of depositing a photoresist resin on said X cath- 
ode matrix is spinning said resin on said X cathode 
matrix. 

20. The method according to Claim 14 wherein the 
steps of etching said layer of silicon dioxide is plas- 
ma etching said layer. 



Beschichten besagter zweiter Metallschicht mit 
einer dritten Metallschicht, die durch ein ande- 
res Atzmittel als die erste und die zweite Me- 
tallschicht geatzt werden kann, 

s 

Beschichten besagter dritter Metallschicht mit 
einer vierten Metallschicht, die durch ein ande- 
res Atzmittel als die erste, die zweite und die 
dritte Metallschicht geatzt werden kann, 

10 

Beschichten besagter vierter Metallschicht mit 
einer dritten Schicht aus Photoresist, 

Behandeln besagter vierter Photoresistschicht 
1S zur photolithographischen Biidung einer Matrix 

vonZeilenquerzu besagten Kathodenleiterzei- 
len und danach selektives Atzen der einzelnen 
Materialschichten, bis Kanale alle Zeilen be- 
sagter Matrix trennen, wobei erste und zweite 
20 voneinander und von der Kathodenstruktur iso- 

lierte Metallstrukturen vorhanden sind, 

Beschichten derbehandelten Struktur mit einer 
Schicht aus Siliziumdioxid, 

25 

Entfernen besagter Siliziumdioxidschicht und 
besagter vierter Metallschicht. 



Patentanspruche 30 

1. Verfahren zur Fertigstellung eines elektrophoreti- 
schen Displays nach Biidung einer Vielheit von eine 
X-Matrix bezeichnenden Kathodenleiterzeilen auf 
einer ebenen Glasplatte, bestehend aus den fol- 35 
genden Schritten: 

Beschichten der Kathodenleiterzeilen mit einer 
ersten Isolierschicht aus Photoresist, 

40 

Beschichten der ersten Isolierschicht mit einer 
ersten Schicht aus Siliziumdioxid, 

Aufbringen einer ersten Metallschicht auf be- 
sagter Siliziumdioxidschicht, 4$ 

Beschichten besagter erster Metallschicht mit 
einer zweiten Schicht aus Photoresist, 

Beschichten besagter zweiter Photoresist- so 
schicht mit einer zweiten Schicht aus Silizium- 
dioxid, 

Beschichten besagter zweiter Siliziumdioxid- 
schicht mit einer zweiten Metallschicht, die ss 
durch inander s Atzmittel als die rste geatzt 
werden kann, 



2. Verfahren nach Anspaich 1, mit dem weiteren 
Schritt des Aufbringens einer Anodenplatte parallel 
zu besagten Anoden-, Kathoden- und Gittermatri- 
zen. 

3. Verfahren nach Anspruch 1, wobei der Schritt des 
Beschichtens mit einer Isolierschicht aus Photore- 
sist ein Beschichten mit Phenolharz ist. 

4. Verfahren nach Anspruch 1 , wobei besagtes erstes 
Metall Chrom ist. 

5. Verfahren nach Anspruch 1 , wobei besagtes zwei- 
tes Metall Aluminium ist. 

6. Verfahren nach Anspruch 1 . wobei besagtes drittes 
Metall eine Aluminium/Chrom-Legierung ist. 

7. Verfahren nach Anspruch 1 , wobei besagtes viertes 
Metall eine Legierung aus Titan und Wolfram ist. 

8. Verfahren nach Anspruch 1 , wobei besagte Silizi- 
umdioxidschicht en 2000 Angstrom dick sind. 

9. Verfahren nach Anspruch 1 , wobei besagte Photo- 
resistschichten 3 bis 5 Mikron dick sind. 

10. Verfahren nach Anspruch 1 , wobei das selektive At- 
zen das Atzen besagter Siliziumdioxidschichten 
und besagter Photoresistschichten im Plasmaatz- 
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verfahren umfaGt. 

11. Verfahren nach Anspruch 1, wobei die Schritte des 
Beschichtens mit einer Isolierschicht aus Photore- 
sist das Aufschleudern des Photoresists auf besag- 
te Schicht umfassen. 

12. Verfahren nach Anspruch 1 , wobei die die Gitterma- 
trix bezeichnende metallische Elektrodenstruktur 
aus einer Vielheit von Gitterzeiien besteht, die je- 
weils mindestens zwei Zeilenelemente aufweisen. 

13. Verfahren nach Anspruch 1 , wobei eine Metallstruk- 
tur Zeilen parallel zu den Kathodenzeilen hat, wah- 
rend die andere Metallstruktur Zeilen quer zu den 
Kathodenzeilen hat. 

14T~Verfahren zur Herstellung eines elektrophoreti- 
schen Displays der mit einer X-Y-Matrix fur Gitter- 
und Kathodenbetrieb ausgestatteten Art, beste- 
hend aus den folgenden Schritten: 

Ablagern einer ersten dunnen Schicht aus ei- 
nem teitfahigen Metall auf einer Tragerplatte 
aus Glas, 

Atzen besagter Schicht zur Bildung eines eine 
X-Kathodenmatrix bezeichnenden Zeilenmu- 
sters, 

Ablagern einer ersten Isolierschicht aus Photo- 
resistharz auf besagter X-Kathodenmatrix, 

Ablagern einer ersten Schicht aus Siliziumdi- 
oxid auf besagter erster Photoresistschicht, 

Ablagern einer zweiten Schicht aus einem leit- 
fahigen Metall auf besagter Siliziumdioxid- 
schicht, 

Ablagern einer zweiten Isolierschicht aus Pho- 
toresistharz auf besagter zweiter Metallschicht, 

Belichten besagter zweiter Photoresistschicht 
mit einer Y-Gittermatrixmaske, 

Entwickeln des Photoresists entsprechend be- 
sagter Y-Gittermaske, 

Atzen besagter zweiter Schicht aus leitfahigem 
Metall zur Bildung besagter Y-Gittermatrix, 

Entfemen des Restes besagter zweiter Photo- 
resistschicht, 

Atzen besagter Siliziumdioxidschicht. wobei 
besagte zweite Schicht aus leitfahigem Metall 
als Maske dient, 



Ablagern einer dritten Schicht aus Photoresist- 
harz aul besagter geatzter zweiter Schicht, 

Ablagern einer zweiten Schicht aus Siliziumdi- 
5 oxid auf besagter dritter Photoresistschicht, 

Ablagern einer ersten Anodenmetallschichtauf 
besagter Siliziumdioxidschicht, 

10 Ablagern einer zweiten unterschiedlichen An- 

odenmetallschicht auf besagter erster Anoden- 
metallschicht, 

Ablagern einer vierten Schicht aus Photoresist- 
1S harz auf besagter zweiter unterschiedlicher 

Metallschicht, 

Behandeln besagter vierter Photoresistschicht 
zur photolithographischen Bildung einer An- 
20 odenmatrix von Zeilen, die parallel zu besagter 

Y-Gittermatrix und senkrecht zu besagter X- 
Kathodenmatrix verlaufen, 

Atzen besagter erster und zweiter Anoden- 
25 schichten, 

Abdecken besagter Struktur.mit einer dunnen 
Schicht aus Siliziumdioxid und Wegatzen be- 
sagter zweiter Anodenmetallschicht unter Be- 
so lassung besagter erster Anodenschicht zur 
Schaffung einer zusatzlichen Matrix, die als ei- 
ne Anodenmatrix fur besagtes Display be- 
stimmt ist. 

55 15. Verfahren nach Anspruch 14, mit den weiteren 
Schritten des Aufbringens einer Anodenplatte par- 
allel zu besagten Anoden-. Kathoden- und Gitter- 
matrizen. 

to 16. Verfahren nach Anspruch 14, wobei besagte erste 
dunne Schicht aus leitfahigem Metall aus Indium- 
oxid (ITO) besteht. 

17. Verfahren nach Anspruch 14, wobei besagte zweite 
45 Metallschicht aus Chrom besteht. 

18. Verfahren nach Anspruch 14, wobei besagte erste 
Anodenmetallschicht aus Aluminium und besagte 
zweite Anodenmetallschicht aus Chrom besteht. 

so 

19. Verfahren nach Anspruch 1 4, wobei der Schritt des 
Ablagems eines Photoresistharzes auf besagter X- 
Kathodenmatrix das Aufschleudern besagten Har- 
zes auf besagte X-Kathodenmatrix ist. 

55 

20. Verfahren nach Anspruch 1 4, wobei die Schritte des 
Atz ns besagter Siliziumdioxidschicht das Plasma- 
atzen besagter Schicht sind. 



9 



17 



EP 0 586 373 B1 



18 



Revendications 

1. Une methode pour achever la fabrication d'un affi- 
cheur 6lectrophor6tique aprfes la formation d'une 
pluralite de lignes conductrices de cathode repre- 5 
sentative d'une matrice en X sur une feuille de verre 
plane, comprenant les etapes de: 

revetement des lignes conductrices en cathode 
avec une premiere couche isolante de photo- 10 
resistance, 

revetement de la premiere couche isolante 
avec une premiere couche de dioxyde de sili- 
cium, is 

revetement d'une premiere couche de metal 
sur ladite couche de dioxyde de silicium, 

revetement de ladite premiere couche de metal 20 
avec une seconde couche de photoresistance, 

revetement de ladite seconde couche de pho- 
toresistance avec une seconde couche de 
dioxyde de silicium. 2s 

revetement de ladite seconde couche de dioxy- 
de de silicium avec une seconde couche de 
metal capable d'etre attaquee par un reactif 
d'attaque different de ladite premiere, 30 

revetement de ladite seconde couche de metal 
avec une troisieme couche de metal capable 
d'etre attaquee par un reactif d'attaque different 
desdites premiere et seconde couches de me- 3S 
tal, 

revetement de ladite troisieme couche de metal 
avec une quatrieme couche de metal capable 
d'etre attaquee par un reactif d'attaque different *Q 
desdites premiere, seconde et troisieme cou- 
ches de metal, 

revetement de ladite quatrieme couche de me- 
tal avec une troisieme couche de photoresis- *s 
tance, 

traitement de ladite troisieme couche de pho- 
toresistance pour former de maniere photoli- 
thographique une matrice de lignes transversa- so 
les auxdites lignes conductrices de cathode et 
ensuite attaque selective de chaque couche de 
materiau jusqu'a ce que des canaux separent 
chacune des lignes de ladite matrice dans la- 
quelle il y a des premiere et seconde structures ss 
de metal isoiees les unes des autres et de la 
structure de cathode, 



revetement de la structure traitee avec une 
couche de dioxyde de silicium. 

suppression de ladite couche de dioxyde de si- 
licium et de ladite quatrieme couche de metal. 

2. Le precede suivant la revendication 1 incluant en 
outre I'etape de pose d'une plaque d'anode paral- 
lelement auxdites matrices d'anode, de cathode et 
de grille. 

3. Le precede suivant la revendication 1 , dans lequel 
retape de revetement avec une couche isolante de 
photoresistance est un revetement avec une resine 
phenolique. 

4. Le procede suivant la revendication 1, dans lequel 
ledit premier metal est du chrome. 

5. Le precede suivant la revendication 1, dans lequel 
ledit second metal est de ('aluminium. 

6. Le procede suivant la revendication 1, dans lequel 
ledit troisieme metal est un alliage d'aluminium et 
de chrome. 

7. Le precede suivant la revendication 1 , dans lequel 
ledit quatrieme metal est un alliage de titane et de 
tungsten e. 

8. Le procede suivant la revendication 1, dans lequel 
lesdites couches de dioxyde de silicium ont une 
epaisseur d'environ 2000 Angstroems. 

9. Le precede suivant la revendication 1, dans lequel 
lesdites couches de photoresistance ont une epais- 
seur entre 3 et 5 microns. 

10. Le precede suivant la revendication 1, dans lequel 
I'attaque selective inclut I'attaque desdites couches 
de dioxyde de silicium et desdites couches de pho- 
toresistance par attaque au plasma. 

11. Le procede suivant la revendication 1, dans lequel 
les etapes de revetement avec une couche isolante 
de photoresistance incluent une rotation de ladite 
photoresistance sur ladite couche. 

12. Le precede suivant la revendication 1, dans lequel 
la structure cfeiectrode de metal representative de 
la matrice de grille comprend une pluralite de lignes 
de grille avec chaque ligne comprenant au moins 
deux membres de ligne. 

1 3. Le procede suivant la revendication 1 , dans lequel 
une structure de metal a des lignes paralldles aux 
lignes de cathode, tandis que Pautre structure de 
metal a des lignes transversales aux lignes de ca- 
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thode. 

Un procede pour fabriquer un afficheur electropho- 
retique du type ayant une matrice en X-Y pour fonc- 
tionnement de grille et de cathode, comprenant les 5 
etapes de: 



differente sur ladite premiere couche de metal 
d'anode, 

depot d'une quatrieme couche de resine pho- 
toresistante sur ladite seconde couche de me- 
tal differente, 



depot d'une premiere couche mince d'un metal 
conducteur sur une plaque support en verre, 

10 

attaque de ladite couche pour former un motif 
de lignes representatif cfune matrice de catho- 
de en X, 

depot d'une premiere couche isolante de resine '5 
phptor6sistante_sy r ladM riialdce de cathode 
en X, 

depot d'une premiere couche de dioxyde de si- 
licium sur ladite premiere couche de resine 20 
photoresistante, 

depdt d'une seconde couche de metal conduc- 
teur sur ladite couche de dioxyde de silicium, 

25 

depot d'une seconde couche isolante de resine 
photoresistance sur ladite seconde couche de 
metal, 

exposition de ladite seconde couche de photo- 30 
resistance avec un masque de matrice de grille 
en Y, 

developpement de ladite photoresistance se- 
lon ledit masque de grille en Y, 35 

attaque de ladite seconde couche dudit metal 
conducteur pour former ladite matrice de grille 
en Y, 

40 

suppression du reste de ladite seconde couche 
de photoresistance, 

attaque de ladite couche de dioxyde de silicium 
avec ladite seconde couche attaquee de metal 45 
conducteur servant de masque, 

depot d'une troisieme couche de resine photo- 
resistante sur ladite seconde couche attached, 

so 

depot d'une seconde couche de dioxyde de si- 
licium sur ladite troisieme couche de photore- 
sistance, 



traitement de ladite quatrieme couche de pho- 
toresistance pour former de maniere photoli- 
thographique une matrice d'anode de lignes 
paralleles a ladite matrice de grille en Y et per- 
pendiculaires a ladite matrice de cathode en X, 

attaque desdites premiere et seconde couches 
d'anode, 

revetement de ladite structure avec une couche 
mince de dioxyde de silicium et attaque de la- 
dite seconde couche de metal d'anode laissant 
ladite premiere couche d'anode pour fournir 
une matrice additionnelle designee comme une 
matrice d'anode pour ledit afficheur. 

15. Le procede suivant la revendication 14, incluant en 
. outre les Stapes de pose d'une plaque d'anode pa- 

rallelement auxdites matrices d'anode, de cathode 
et de grille. 

16. Le precede suivant le revendication 14, dans lequel 
ladite premiere couche mince de metal conducteur 
est en oxyde d'etain dope a I'indium (ITO). 

17. Le procede suivant la revendication 1 4, dans lequel 
ladite seconde couche de metal est en chrome. 

1 8. Le procede suivant la revendication 1 4, dans lequel 
ladite premiere couche de metal d'anode est en alu- 
minium avec ladite seconde couche de metal d'ano- 
de en chrome. 

19. Le procede suivant la revendication 14, dans lequel 
I'etape de depdt d'une resine photoresistante sur la- 
dite matrice de cathode en X toume ladite resine 
sur ladite matrice de cathode en X. 

20. Le precede suivant la revendication 14, dans lequel 
I'etape d'attaque de ladite couche de dioxyde de si- 
licium est une attaque au plasma de ladite couche. 



depot d'une premiere couche de metal d'anode 55 
sur ladite couche de dioxyde de silicium, 

depdt d'une seconde couche de metal d'anode 
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